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ABSTRACT 

 A systematic review was undertaken to investigate four emerging methodologies 

that might be used in the prevention of caries and/or repair of carious tissues.  These 

included a partitioned dentifrice, laser technology, fluoride releasing dental materials, and 

for deep carious lesions, bone morphogenic protein (BMP) therapy.  The search strategy 

was to review articles written in English, indexed in MEDLINE and EMBASE databases 

and published since 1976.  Over 200 articles were read but because of the inclusion and 

exclusion criteria, only 33 were included in the evidence tables.  The review of 

partitioned toothpaste, showed either a greater remineralizing effect, or a greater increase 

in the resistance to demineralization of both enamel and dentin with the exception of its 

lack of effectiveness on coronal caries in the only clinical trial.  Five of the 6 in vitro 

studies on enamel and the one study on dentin reported that lased tissue was less soluble 

than non-lased.  Six clinical and 4 in situ studies were reviewed in answering the question 

as to whether fluoride releasing restorative materials increase the remineralization or 

resistance to demineralization of human enamel and dentin.  Eight of these reported 

positive findings.  Six animal studies investigating BMP were reviewed and all showed 

ability of BMP to induce tubular dentin formation. 

 Although the laboratory, animal, and limited clinical trials report encouraging 

results, independent, randomized, controlled clinical trials need to be carried out before 

these emerging technologies can be recommended for use in general practice. 
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INTRODUCTION 

 Although there is evidence that caries has declined in children, it still affects some 

50% of this population and approximately 95% of the adult population.  Furthermore 

some 50-70% of a dentist’s activity in the U.S. is devoted to the restoration of teeth 

which amounts to about 20-30 billion dollars in dental health care expenditures (1,2,3,4).  

In order to further combat the ravages of caries, new and alternative strategies, methods 

and materials must be used in its prevention and repair.  Three of the techniques and 

technologies that were chosen for review, lasers, a partitioned dentifrice, and fluoride 

releasing materials, have already gained some acceptance by the dental profession and 

the general public.  The other, the use of bone morphogenic proteins, has been suggested 

by the research community as a future treatment for deep carious lesions which may have 

resulted in pulp exposure.  The evidence however, of the treatment efficacy of these 

emerging methods used in the prevention and repair of carious tissue, had not been 

subjected to a systematic review.  Other modalities were considered, for example, gene 

therapy, protein initiated mineralization, self-assembling molecules and biofilm studies 

but insufficient data on their applicability to caries prevention and repair finally led to 

their exclusion from the review. 

The questions addressed by this review were: 

1. Does the partitioning of calcium from phosphate and fluoride in toothpastes 

increase the remineralization of demineralized enamel or dentin, or increase the 

resistance to demineralization of these tissues to a greater extent than a non-

partitioned toothpaste?   
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 This question was further broken down into 4 sub-questions by treating 

enamel, dentin, increasing remineralization, and increasing resistance to 

demineralization, as separate entities.  A further division of these subgroups was 

conducted under the headings of human (clinical), animal and laboratory studies. 

2. Is lased enamel and dentin more or less susceptible to demineralization compared to 

non-lased enamel and dentin? 

 In this question, only laboratory studies were found.  Enamel and dentin were 

treated as separate questions. 

3. Do fluoride releasing dental materials increase the remineralization of 

demineralized (carious) human enamel or dentin, or increase the resistance to 

demineralization (caries) of these tissues? 

 Only human clinical trials and human in situ studies involving dental 

materials which had already gained some acceptance for use by the dental 

profession, were reviewed when answering this question.  Experimental fluoride 

releasing devices were not included in the systematic review.  Enamel and dentin 

studies were treated as different entities, as were remineralization and 

demineralization studies.  Only studies reporting direct measures of changes in 

human enamel and dentin remineralization, and increased resistance to 

demineralization were included in answering this question.  Articles using such 

indirect measures as fluoride uptake or plaque accumulation were excluded. 

 A final question was considered which was not as relevant to caries 

prevention but more closely linked to repairing dentinal caries. 
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4. Can bone morphogenic proteins, in particular BMP-7 (Op-1), be used to stimulate 

pulpal cells to produce new dentin (i.e., tubular dentin) in human, animal or in vitro 

studies?   

 As no human studies have been reported, and in vitro studies did not show 

tubular dentin formation, only animal studies were reviewed. 

 

METHODS 

 The reviewers were not blinded to the identity of the authors or the source of the 

publication because there is no evidence that such blinding has any effect on the outcome 

of the review.  Nor is blinding of reviewers required by the Agency for Health Care 

Policy and Research or recommended by experts in the field of systematic review (5). 

The search strategy was to use articles published in peer-reviewed journals, 

written in English, and indexed in the MEDLINE and EMBASE databases.  Literature 

review articles of the various topics were also reviewed by the investigators.  None of 

these were systematic reviews and none contained original data.  These literature reviews 

were therefore used to search for peer reviewed articles which may have been missed or 

inappropriately indexed in the MEDLINE and EMBASE searches.  Only articles 

published since 1976 were considered.  The databases were searched using appropriate 

key words for each question.  Use was also made of the caries hedge, set up for reviewers 

involved in the systematic review for the Consensus Development Conference (CDC) 

entitled “Dental Caries Diagnosis and Management Throughout Life”.  References given 

in the reviewed articles were also searched for other relevant reports.  The two 

investigators independently read all the abstracts from the MEDLINE, EMBASE, and 
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hand searches.  Relevant reports were then tagged.  Discrepancies between the 

investigators as to whether articles should be tagged or untagged were resolved by 

consensus after a further reading of the disputed abstracts.  The articles of the tagged 

abstracts were then photocopied and shared equally between the two investigators, except 

for articles on the bone morphogenic protein, which were read only by one investigator 

(BHC).  All articles were then abstracted and entered into the evidence tables under 

certain headings which varied with each question.  Purely descriptive studies on BMP 

activity were included, but other descriptive studies where statistical analysis was deemed 

appropriate but not carried out, were excluded.  Several other articles were excluded 

because: 

• conclusions had been drawn on inappropriate statistics  

• investigations had no control groups.  

The scoring system for the articles was an all or none system based on the 

evidence table headings.  For each heading where the information was available in the 

article a score of 1 was given.  If this information was missing, it was given a score of 0.  

Abreviated evidence tables are presented in this article, for complete tables and scores, 

see NIDCR’s website http//www.nider.nih.gov  All articles were scored independently 

and disagreements were resolved by consensus.  

 

RESULTS 

 A total of over 200 abstracts were read in the four topic areas.  In the final 

analysis only 33 were included in the evidence tables.  Of these only 2 scored the 

maximum number of points available.  The two major headings which were most 
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consistently without data were “Calibration and Reliability of Examiners” and “Blinding 

of Examiners” (see Evidence Tables http://www.nider.nih.gov).  In only 1 of the included 

studies was a power calculation given to justify the number of samples (specimens, 

animals, humans) to be included in the investigations. 

 A decision was made by the investigators to include descriptive studies for 

question 4.  All these studies were histological investigations and no direct numbers were 

generated in 3 of the 6 studies.  In the laser studies (Question 2) descriptive investigations 

were not included, as the solubility measurements used to assess the effects of laser 

treatment on the tissue could have been statistically compared.  The investigators in this 

study however, chose to draw their conclusions from the percentage difference in 

solubility between the experimental and control groups. 

 In question 1 (Table 1), dealing with partitioned toothpastes, only 12 of 35 

abstracts dealt with a toothpaste that had the calcium separated from the other active 

ingredients, phosphate and fluoride, until these ions were delivered to the tooth surface.  

Of these, 7 were in vitro investigations, 3 were animal studies and 2 were clinical trials.  

On reading the full article, one in vitro study and one clinical study were excluded 

because insufficient data was reported to make a review meaningful. 

All but two of the included studies relating to this question had one author’s name 

in common, but the research was carried out at several different institutions.  Seven of the 

included animal and in vitro studies dealt with remineralization of enamel and there were 

no studies reporting on remineralization of dentin.  The remaining 2 animal studies tested 

the partitioned toothpaste’s ability to increase the resistance of enamel to 

demineralization.  There were no studies addressing dentin resistance to demineralization.  

http://www.nider.nih.gov
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The only clinical trial tested the partitioned toothpaste’s ability to inhibit both coronal 

and root caries.  All these studies reported positive findings with the exception of the 

clinical trial, where the partitioned toothpaste reduced root caries but not coronal caries.  

Thus, in all but the class I clinical trial investigating coronal caries, the partitioned 

toothpaste showed either greater remineralizing effect, or a greater increase in the 

resistance to demineralization of either enamel or dentin when compared to a control 

toothpaste which was not partitioned. 

Question 2 (Table 2) focused on the susceptibility to demineralization of lased 

versus non-lased enamel or dentin.  Of the 84 abstracts initially read, 14 in vitro studies 

were finally evaluated.  Seven of these were excluded because of no or inappropriate 

statistics.  Of the 7 remaining, 5 concluded that lased enamel was less soluble than non-

lased, and the article relating to lased dentin reached the same conclusion. 

Question 3 (Table 3) asked whether fluoride releasing restorative materials 

increase the remineralization or the resistance to demineralization of human enamel and 

dentin.  One hundred and twenty abstracts were tagged and read.  Of the 8 clinical trials 2 

were excluded because there were no control groups.  Of the remaining 6, 1 was 

designated a class 11-1 study, 4 were class 11-2 studies, and 1 was a class 11-3 study.  Of 

the 6 in situ studies which were also reviewed, two were excluded, one because it used 

bovine tissue and one for incomplete data.  All but one of the clinical and in situ studies 

were short-term, < 16.3 months.  The other lasted 3 years.  A variety of methods were 

used for measuring remineralization and resistance to demineralization of both enamel 

and dentin.  The study participants or specimens were also subjected to several different 
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caries challenges.  Eight of the 10 studies did not report on examiner calibration and 

reliability. 

Of the 6 clinical trials, 5 dealt with enhancing the resistance of enamel to 

demineralization and 1 with dentin remineralization.  No clinical trials were included in 

this systematic review on enamel remineralization or increasing the resistance of dentin 

to demineralization, as either no studies had been conducted or those that had, did not 

meet the review criteria.  Of the 5 clinical trials investigating the effects of fluoride 

releasing materials on enhancing enamel’s resistance to demineralization, 4 recorded 

increased resistance and 1 showed no difference between the experimental and control 

groups.  The single study relating to increased remineralization of dentinal lesions by 

these materials, demonstrated no difference between the experimental and control groups.  

The only study which had investigated remineralization of enamel in conjunction with 

increasing enamel resistance to demineralization failed to state the remineralization 

results.  Of the 4 in situ studies, 2 investigations dealt with increasing the resistance to 

enamel demineralization, one study looked at both increasing the resistance to enamel 

demineralization and enhancing enamel remineralization, and one looked at dentin 

remineralization.  This indicated that the fluoride-releasing materials increased dentin 

remineralization.  No in situ studies investigating enhanced resistance of dentin to 

demineralization had been performed.  All 3 studies investigating changes in enamel 

resistance to demineralization recorded increased resistance. 

 To answer question 4 (Table 4), eighty-three abstracts relating to bone and pulpal 

cell stimulation by growth factors were read.  However, only 6 articles relating to BMP’s 

ability to stimulate dentin formation, as defined by the formation of tubular dentin were 



   10 

located.  All six articles finally reviewed were animal studies, and irrespective of the 

species, all showed that BMP stimulated new dentin formation.  The reparative dentin 

formed included both tubular and non-tubular (osteo) dentin.  One study, which tested 

transdentin diffusion of BMP, showed that BMP activity did, in fact, cross dentin.  Two 

of these studies used a crude BMP extract and 4 used purified or recombinant BMP-7 

(Op-1). 

 

CONCLUSIONS 

Question 1:  In spite of the fact that several of the studies undertaken using the partitioned 

toothpastes had one author in common, and that only a few studies had been conducted, 

there is sufficient evidence from the animal and in vitro investigations to suggest that this 

technology has promise in the prevention of enamel caries.  However, in humans, the 

only class I clinical trial in a high risk population failed to show a difference in enamel 

caries reduction between experimental and control groups.  However, in the same study 

the partitioned toothpaste prevented root caries to a greater extent than a conventional 

toothpaste.  Independent, randomized, controlled, clinical trials need to be conducted 

before the usefulness of this therapy can be generalized to all population groups.  

Laboratory, animal and further human studies, need to be conducted to ascertain its 

usefulness in dentin caries prevention. 

Question 2:  In vitro testing of the solubility of lased enamel has documented that it is 

less susceptible to demineralization than non-lased enamel.  The results for dentin are 

similar but only 2 studies met the criteria to be included in this review.  Further in vitro 

investigations to determine if lased dentin is indeed less soluble, should be undertaken. 
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 The reviewed studies used several different laser types, application times, 

wavelengths, power, demineralization models, and target distances (i.e., distance from 

laser head to tissue) making it impossible to recommend a standard procedure.  Thus, 

investigations should be performed which result in a standard protocol for application in 

clinical trials.  These should be carried out before this procedure can be recommended for 

caries prevention in dental practice. 

Questions 3:  The small number of studies investigating the effectiveness of fluoride 

releasing dental materials that used direct measures of caries prevention, and the short 

duration of these studies, make it impossible to draw any conclusions concerning the 

long-term benefits for their use in caries preventive programs.  Therefore randomized, 

controlled clinical trials need to be conducted over a period of at least 2 years, to answer 

the four sub-questions reviewed in this paper, that is, whether fluoride releasing dental 

materials increase the remineralization of carious enamel and dentin; and whether these 

materials increase the resistance of enamel and dentin to caries. 

Question 4:  All the animal studies reviewed reported that crude BMP extracts, purified 

and recombinant BMP-7 were able to regenerate dentin (tubular and atubular) when 

placed on vital pulps.  One study also showed that the active signaling molecule can cross 

dentin and stimulate a pulpal response.  One anecdotal report of a clinical trial using 

BMP-7 suggested that the results of the study were equivocal.  The animal studies 

however, suggest a very positive performance of this therapy.  Further investigations 

should be undertaken controlling for the drug carrier and studying the effect of 

inflammation on the BMP-7 activity.  On completion of these animal studies, human 

clinical trials should be conducted. 
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 It was disappointing to note that only two of the studies in this review obtained 

the maximum score based on the usual data (see Evidence Table headings 

http://www.nider.nih.gov) required to be included in published articles.  Certainly 

headings, e.g., calibration and blinding of examiners, may not be as pertinent to some in 

vitro studies, but these scores indicate a lack of attention to detail in describing the 

experimental design in the articles, and on the thoroughness of the review the articles 

received prior to publication. 

http://www.nider.nih.gov
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